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Executive Summary 
 
Investigations of groundwater and surface contamination at the Shiprock, New Mexico, Disposal 
and Processing Site, a former uranium-ore processing facility managed by the U.S. Department 
of Energy (DOE) Office of Legacy Management, have been ongoing for over two decades. A 
major focus of these investigations has been a prominent drainage, Many Devils Wash, located 
about 0.6 mile east of the disposal cell. The wash drains an area of about 11.5 square miles and 
enters the San Juan River just upstream of Shiprock. Elevated levels of nitrate, sulfate, selenium, 
and uranium detected in surface and seep water in the wash have raised concerns about potential 
human health or ecological risks, as well as increased contaminant loading to the river. These 
constituents are also contaminants of concern at the site, but contaminant transport mechanisms 
are not obvious. No mill tailings were ever placed in the vicinity of Many Devils Wash. To 
further investigate the source and nature of contamination in Many Devils Wash, DOE undertook 
this investigation in spring 2010. The occurrence of the efflorescence in Tributary 1 and 
observation of a nearly continuous trickle of seepage water at the confluence of East Fork with 
Many Devils Wash were instrumental in prompting this investigation.  
 
A prevailing issue regarding the contamination at Many Devils Wash is determining source. The 
contamination may have reached Many Devils Wash by flowing from the mill site through the 
Mancos Shale that takes it under Many Devils Wash and then upward to the base of the loess on 
the east side of the wash. An alternate hypothesis is that the contamination is from naturally 
occurring processes similar to those in other areas that are underlain by Mancos Shale and that 
have high concentrations of nitrate, selenium, sulfate, and uranium in the groundwater. 
Fundamental to understanding the source of contamination is understanding the nature and extent 
of the contaminated groundwater system. This knowledge is also fundamental to designing a 
remediation system if it is needed. The purpose of this study was to better define the extent, 
chemistry, and surface of shallow groundwater in the Many Devils Wash area. The work 
included installation of 28 new sampling points, measurements of groundwater elevations, 
sampling and analysis of groundwater, elevation surveys of geologic contacts, and preliminary 
chemical analyses of loess samples.  
 
The geology of the wash is dominated by Mancos Shale overlain by 20 to 30 feet (ft) of loess. 
Steeply incised channeling in the loess may be caused by groundwater sapping, a process that 
requires groundwater flow at the Mancos-loess contact. Observations made previously at Many 
Devils Wash indicated that much, if not all, of the contamination in the wash could come from 
an area south of East Fork, a tributary to Many Devils Wash. Perennial groundwater seepage has 
been observed at the confluence of East Fork with the main channel of Many Devils Wash. Field 
observations made in support of the current investigation were the first to detect groundwater in 
a side tributary to East Fork (Tributary 1), and it was found that groundwater extends at least 
350 ft farther south than had previously been observed. The southernmost sampling point 
(EF-19) produced more groundwater than most other sampling points in our study, suggesting 
that groundwater saturation may extend even farther south. A bedrock paleochannel was defined 
that could exert control on groundwater flow from East Fork to the knickpoint seeps. 
 
Groundwater samples were collected from all new sampling points. The concentrations of 
nitrate, selenium, sulfate, and uranium were reasonably similar among the samples as indicated 
by chemical contour plots. The chemistry was also similar to that measured in sampling points 
and seeps near the knickpoint of Many Devils Wash. The similarity of chemical signatures 
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Figure 20. Groundwater Nitrate (as NO3) Concentrations April 27 and 28, 2010 
Magnitude reflected by dot size. 
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Figure 21. Groundwater Sulfate Concentrations April 27 and 28, 2010 
Magnitude reflected by dot size. 
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Figure 22. Piper Diagram of Groundwater from EF and MD Points Sampled April 27 and 28, 2010 
(The radii of the blue circles on the diamond portion of the diagram display the total dissolved 

solids content.)  
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Figure 23. Selenium Concentrations with Depth in Loess at Locations AH-05 and AH-06,07 

 (DI - deionized water extraction, Acid = nitric acid microwave digestion) 
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Figure 24. Nitrate Concentrations with Depth in Loess at Locations AH-05 and AH-06,07 
(DI - deionized water extraction) 
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Figure 25. Sulfate Concentrations with Depth in Loess at Locations AH-05 and AH-06,07 
(DI - deionized water extraction) 

 
 

7.0 Discussion 
 
Many Devils Wash drains an area of 11.5 square miles near DOE's disposal cell built for 
containment of uranium mill tailings. In the 1,800-ft stretch above its confluence with the San 
Juan River, surface water in the wash and seepage entering the wash have high concentrations of 
nitrate, selenium, sulfate, and uranium. Previous DOE documents indicate that these constituents 
are contaminants from the former milling operation; however, the occurrence of the seeps on the 
opposite (east) side of the wash and other factors are difficult to explain assuming the mill site as 
the source of contamination. The groundwater surface feeding the seeps at the knickpoint has 
been at a nearly constant elevation, as evidenced by the groundwater elevation in well 1049. 
Prior to this study, observations at East Fork and Tributary 1, the farthest upgradient expression 
of water in the wash, suggested that all of the groundwater feeding Many Devils Wash might be 
originating at a single location in Tributary 1. In this investigation, the groundwater in 
Tributary 1 was tracked as far as was possible using hand coring methods to provide additional 
data relating to the origins of the high concentrations of contaminants. 
 
Prior to this study, perennial groundwater seepage was observed at the mouth of East Fork where 
it enters Many Devils Wash. During occasional high-water events, a small amount of seepage 
had also been observed at the mouth of Tributary 1 where it enters East Fork and along the 200-ft 
stretch of East Fork from Tributary 1 to the confluence with Many Devils Wash. Although no 
water had been observed in Tributary 1, efflorescence had been observed as far as 100 ft south 
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from its confluence with East Fork. This investigation was the first to detect groundwater in 
Tributary 1 and found that it extends at least 200 ft farther south than the efflorescence. 
Twenty-four hand cored sampling points were installed in Tributary 1 and East Fork. All but 
two of the penetrations (EF-25 and AH-04) intercepted groundwater. Although the two dry 
penetrations help define boundaries of the groundwater surface, it is possible that flow is 
channelized and that the groundwater surface extends still farther south. Determination of the 
southern extent of groundwater requires drilling to depths unreachable by hand coring.  
 
The farthest south sampling point (EF-19) had one of the highest groundwater production rates, 
suggesting that the southern terminus of groundwater saturation was not reached. Of interest, 
EF-19 was located on a small (5-ft-diameter) mound of loess caked with efflorescence referred to 
as a blister. Although not certain, it seems like the formation of this mound is related to the high 
groundwater surface, perhaps caused by swelling clays. Other features resembling these mounds 
are found in East Fork between the mouth of Tributary 1 and Many Devils Wash, and in a broad 
"mounded" area about 400 ft south of the incised channel of Tributary 1 (Figure 13). These 
features may be related to erosion features formed by groundwater sapping as described by 
Leopold et al. (1964). Groundwater sapping involves the undercutting of steep-walled arroyos by 
shallow groundwater and may explain the deeply incised loess channeling in Many Devils Wash 
and its tributaries. Thus, groundwater in the EF-19 area may originate from percolation through 
the upgradient loess deposits, movement along the loess-Mancos Shale contact, and emergence 
in this region of headward erosion of the tributary channels. Alternatively, some or all of the 
groundwater at EF-19 could be entering from below through fracture flow in the Mancos Shale. 
For this groundwater to be derived from the tailings area, it may travel deep within the Mancos 
Shale through fractures and resurface along vertical fractures at unpredictable locations; one such 
vertical fracture may intercept the loess in Tributary 1. Once the groundwater is in the loess it 
travels along the loess – Mancos Shale contact to the seepage areas in Many Devils Wash. 
 
The groundwater chemical compositions in all 24 sampling points in East Fork and Tributary 1 
are remarkably similar, indicating a common source. Major ion compositions plot in the same 
location on a Piper diagram (Figure 22). Nitrate, selenium, and sulfate concentrations were 
similar in the new sampling points and similar to the MD sampling points near the knickpoint. 
These chemical similarities indicate that the groundwater in the upgradient area at Tributary 1 
could be a source, perhaps the only source, feeding the seeps and surface water in Many Devils 
Wash. Detailed mapping of the geologic contact between Mancos Shale bedrock and loess or 
alluvium/colluvium indicates that paleochanneling in the bedrock may direct groundwater flow 
from Tributary 1 to the knickpoint seeps. 
 
Samples of loess were analyzed to evaluate loess as a potential natural source for some or all of 
the nitrate, selenium, sulfate, and uranium observed in Many Devils Wash. Samples were 
collected from three locations, AH-05 near the knickpoint, and AH-06 and AH-07 located 
upgradient of Tributary 1 (locations are shown on Figure 3 and Figure 4). The samples at AH-05 
have higher concentrations of all constituents, particularly in the upper strata, and the ground 
surface in this area contains efflorescence. It is likely that shallow sediments in this area are 
derived in part from local windblown and flood-stage contamination related to Many Devils 
Wash. The molar concentration of sulfate is similar to that of calcium, suggesting the presence of 
gypsum in the sediment. Because of the probable influence from local contamination, the 
chemical results from the AH-05 loess samples are not discussed further. 
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The concentrations of nitrate, selenium, sulfate, and uranium in the upgradient loess samples 
from AH-06 and AH-07 leached with deionized water represent the labile fractions of these 
constituents that are readily available to enter the groundwater system. The mean concentrations 
of nitrate, selenium, sulfate, and uranium in the water soluble portion of these samples were 
111, 0.03, 5,604, and 0.04 µg/g, respectively. These results suggest that the loess is not 
particularly enriched in these constituents. However, this study was preliminary in two respects: 
(1) the extractions for nitrate and sulfate only remove the most labile portion of these 
constituents, and (2) the paucity of samples prevents a full characterization of the distribution of 
these constituents in the loess deposits. 
 
 

8.0 Conclusions 
 
Detailed geologic mapping defined the contact between loess valley fill and Mancos Shale. The 
mapping shows a channel that could be a pathway for groundwater to migrate from the 
Tributary 1 area northward to the knickpoint seeps. However, because much of the potential 
pathway is obscured by loess deposits too thick to hand core, details of the bedrock erosional 
contact are not available in some critical areas. 
 
This study better defined the extent of the groundwater surface upgradient of the exposures of 
contaminated water in Many Devils Wash. Groundwater extends at least 350 ft southward up 
Tributary 1. The farthest upgradient sampling point (EF-19) intercepted a relatively productive 
portion of the groundwater, and it is postulated that the groundwater surface may extend even 
farther south. The groundwater elevation in EF-19 was 4,927.05 ft. This elevation is about 16 ft 
lower than the groundwater in well 0812 located in the "sump" area to the south of the disposal 
cell, indicating that a gradient exists between contaminated groundwater at the former mill site 
and the highest point of the groundwater surface in the Many Devils Wash area. Thus, if a 
pathway were available through the Mancos Shale, groundwater could flow from the sump area 
to the Many Devils Wash area. 
 
The groundwater chemistry in all 24 EF sampling points was remarkably similar and was similar 
to that in seeps and in the MD sampling points near the knickpoint. The commonality of 
chemical signatures suggests a common source for the groundwater and seep water. This 
common source could be centered near sampling point EF-19 or could be further south. 
 
Preliminary analyses of soil concentrations in loess were inconclusive in determining if loess is a 
source for contamination to groundwater. The samples had relatively low levels of nitrate, 
selenium, sulfate, and uranium, suggesting the loess is not the source of these constituents. 
 
Probably the most prevailing issue regarding the contamination at Many Devils Wash is defining 
the source of the contamination. One hypothesis maintains that the contamination is from the 
former milling operation and has reached Many Devils Wash by flowing through the Mancos 
Shale bedrock under Many Devils Wash and then upward to the base of the loess on the east 
side, perhaps in the Tributary 1 area. An alternate hypothesis maintains that the contamination is 
from naturally occurring processes similar to those in other areas underlain by Mancos Shale 
bedrock that have high concentrations of nitrate, selenium, and other constituents in the 
groundwater (Butler and Leib 2002; Tuttle et al. 2007; Thomas et al. 2007; Holloway and 
Smith 2005). In these published studies from other field sites, concentrations of selenium and 
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sulfate from Mancos Shale seeps are reported that exceed those at Many Devils Wash; however, 
uranium and nitrate are not well studied. DOE is currently conducting a study of natural 
contamination in Mancos Shale groundwater throughout much of its depositional basin. 
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Sampling 
Point 

Sampling 
Date/Time 

Temp 
°C 

Sp. Cond. 
μS/cm 

Cond. 
μS/cm 

DO 
mg/L pH ORP 

mV 
Alkalinity as 
CaCO3, mg/L Color Ca 

mg/L 
Na 

mg/L 
K 

mg/L 
Mg 

mg/L 
NH3 

mg/L 
Cl 

mg/L 
NO3 (as 

NO3 
mg/L 

SO4 
mg/L 

U 
μg/L 

Se 
μg/L 

TOC 
mg/L 

EF-01 3/12/2010 6.5 32460  5.9 7.94 127.5              
EF-01 3/13/2010 6.5 33290  6.2 7.78 166.2              
EF-01 3/18/2010 7.08 33140 21817 7.1 7.93 173.1              
EF-01 4/28/2010 11.75 33360 24920 3.67 7.73 179 580 181 440 7700 33.5 1300 1 1922 3087 18399 157.1 1500 54 
EF-02 3/12/2010 6.18 30130  5.6 7.71 129.3              
EF-02 3/13/2010 6.15 29830  6.2 7.57 164.1              
EF-02 4/28/2010 11.11 29625 21770 3.3 7.41 175 590 87 444 7100 29 1200 1 1460 2371 16997 141.4 1300 36 
EF-03 3/12/2010 6.95 27890  6.4 7.63 133.5              
EF-03 3/13/2010 6.72 28650  6.9 7.53 170.2              
EF-03 4/28/2010 11.34 29988 22170 2.42 7.15 206 610 108 464 7000 31 1200 1 1493 2408 17210 150.2 1400 30 
EF-04 3/12/2010 7.44 30490  7.3 7.93 123.7              
EF-04 3/13/2010 5.94 30000  7 7.7 159              
EF-04 4/28/2010 10.43 29976 21630 3.11 7.41 184 590 88 436 6900 30.5 1200 2 1470 2375 16726 141.6 1400 33 
EF-05 3/12/2010 6.63 29620  4.5 7.58 152.1              
EF-05 3/13/2010 6.51 30000  5.3 7.51 173.3              
EF-05 4/28/2010 10.7 30078 21870 2.43 7.37 172 610 82 436 6900 30.0 1200 1 1464 2478 16924 144.1 1300 25 
EF-06 3/12/2010 8.75 30640  4.1 7.58 151.8              
EF-06 3/13/2010 8.58 29230  4.4 7.46 173.3              
EF-06 4/28/2010 11.77 29300 21900 4.37 7.41 214 610 97 430 6900 27.5 1150 1 1452 2321 16569 140.3 1200 30 
EF-07 3/12/2010 5.31 33430  6.8 7.84 130.2              
EF-07 3/13/2010 5.19 33400  9.7 7.76 157.4              
EF-07 4/28/2010 10.76 34131 24850 5.87 7.69 178 590 178 440 7800 30 1200 1 1664 2885 18657 156 1600 41 
EF-08 3/12/2010 8.23 31940  2.2 7.75 150.1              
EF-08 3/13/2010 8.14 30700  2.8 7.65 170.7              
EF-08 4/28/2010 11.13 29831 21930 2.52 7.55 190 620 137 446 7000 28 1150 1 1457 2314 17447 133.3 1300 27 
EF-09 3/12/2010 8.43 30110  3.8 7.64 134.2              
EF-09 3/13/2010 8.26 28940  4.6 7.55 170.4              
EF-09 4/28/2010 11.12 29383 21590 2.1 7.68 160 580 86 438 7000 26 1250 1 1501 2279 16524 134.1 1200 25 
EF-10 3/12/2010 6.19 29300  3.4 7.66 132.7              
EF-10 3/13/2010 5.95 29680  4.1 7.44 172.8              
EF-10 4/28/2010 11.79 29624 22150 3.07 7.41 171 590 92 444 6800 28 1150 1 1439 2321 16656 140.1 1100 28 
EF-11 3/12/2010 8.4 30660  4.4 7.66 176.3              
EF-11 3/13/2010 8.37 29530  4.4 7.45 176              
EF-11 4/28/2010 11.35 29193 21600 2.32 7.63 196 630 116 440 7300 27.5 1150 1 1479 2390 16946 145 1200 26 
EF-12 3/18/2010 8.23 29320 19936 5.4 7.68 175.8              
EF-12 3/18/2010 9.65 30280 21414 4.7 7.76 156.6              
EF-12 4/28/2010 11.05 30174 22140 0.93 7.69 230 650 108 438 7100 28.5 1000 1 1484 2375 17334 147.1 850 74 
EF-13 3/18/2010 8.47 30510 20880 4.4 7.61 158.8              
EF-13 4/28/2010 11.02 30102 22070 0.52 7.54 219 660 116 450 7700 29.5 1100 1 1465 2517 17557 148.3 1100 53 
EF-14 3/18/2010 9.6 29620 20913 6.1 7.71 160              
EF-14 4/28/2010 11.32 29881 22070 0.86 7.62 199 650 105 438 7100 30.5 1000 1 1418 2409 16949 140.7 790 83 
EF-15 4/28/2010 10.91 30265 22130 2.43 7.83 227 670 138 438 7200 32 950 1 1400 2583 17543 151 760 63 
EF-16 3/18/2010 9.36 32250 22633 6.8 7.79 163              
EF-16 4/28/2010 11.5 31423 23320 0.44 7.83 195 720 122 440 7300 30 1100 1 1478 2566 17935 157.2 370 73 
EF-17 3/18/2010 10.18 29310 21040 6.7 7.59 169.7              
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Sampling 
Point 

Sampling 
Date/Time 

Temp 
°C 

Sp. Cond. 
μS/cm 

Cond. 
μS/cm 

DO 
mg/L pH ORP 

mV 
Alkalinity as 
CaCO3, mg/L Color Ca 

mg/L 
Na 

mg/L 
K 

mg/L 
Mg 

mg/L 
NH3 

mg/L 
Cl 

mg/L 
NO3 (as 

NO3 
mg/L 

SO4 
mg/L 

U 
μg/L 

Se 
μg/L 

TOC 
mg/L 

EF-17 4/28/2010 11.7 29834 22260 2.24 7.7 206 660 102 426 7100 30.5 1100 1 1422 2475 16842 144.2 490 58 
EF-18 3/18/2010 9.4 30330 21291 6.3 7.66 155.1              
EF-18 4/28/2010 10.75 30682 22330 0.91 7.43 207 660 116 430 7400 30.5 1100 1 1443 2684 17593 151.9 1400 42 
EF-19 3/18/2010 8.23 30450 20702 5.3 7.39 163.1              
EF-19 4/28/2010 10.67 30621 22240 5.74 7.42 220  108 450 7800 36 1000 1 1342 2768 17114 143.1 1500 34 
EF-20 3/18/2010 9.12 30110 20981 6.5 7.44 175.6              
EF-20 4/28/2010 11.52 30357 22540 4.4 7.48 224  145 432 7400 33 1150 1 1379 2706 17062 145 1400 38 
EF-21 4/28/2010 12.32 30092 22800 1.92 7.33 179 610 99 416 7200 29.5 1050 1 1408 2570 17190 147.3 1300 34 
EF-22 4/28/2010 10.88 36297 26510 2.11 7.07 188 690 148 422 7500 31.5 1300 1 1752 2827 20315 164.5 1800 50 
EF-23 4/28/2010 10.98 29099 21310 3.72 7.5 153  89 432 6700 28.5 1100 1 1518 2157 16659 139 1500 35 
EF-24 4/28/2010 10.8 29322 21370 2.09 7.29 178  81 436 7200 29 1100 1 1479 2385 17361 140.5 1300 31 
MD-01 4/27/2010 11,58 31063 23100 2.92 7.26 218 610 150 444 7200 36.5 1150 1 1521 2578 17257 160.9 1500 49 
MD-02 4/27/2010        92 432 6700 28 1100 1 1538 2286 17036 152.7 1300 109 
MD-03 4/27/2010 11.68 29750 22170 5.97 7.66 239 550 86 454 6700 31 1100 1 1510 2235 16790 153.7 1300 123 
MD-04 4/27/2010 11.1 30242 22210 7.43 7.86 176              
Legend:  
Pink Instrument was not Calibrated 
Green Reading drifting rapidly 
Bold Less than detection limit 
TOC Total Organic Carbon 
ORP Oxidation-Reduction Potential 
Sp. Cond. Specific Conductance (conductivity normalized to 25 °C) 
μS/cm microsiemens per centimeter 
Cond. Conductivity 
Temp Temperature 
DO Dissolved Oxygen 
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Physical Properties 

Boring Depth* 
(ft) 

GMC 
Oven 
(%) 

VMC
Oven 
(%) 

GMC
Air 
(%) 

VMC
Air 
(%) 

<2mm 
Oven 
(%) 

<2mm
Air 
(%) 

AH-05 1 3.70 5.54 2.80 4.20 62.32 58.63 
AH-05 2 5.80 8.70 4.81 7.22 53.36 53.49 
AH-05 3 6.55 9.82 5.86 8.79 51.88 59.79 
AH-05 4 7.30 10.94 5.75 8.63 46.92 49.10 
AH-05 5 7.34 11.00 7.21 10.82 42.45 55.00 
AH-05 6 10.08 15.13 8.57 12.85 56.38 58.76 
AH-07 1 10.76 16.01 9.66 14.50 100.00 97.96 
AH-07 3 3.77 5.66 2.67 4.01 98.00 100.00 
AH-07 5 4.09 6.14 2.97 4.46 100.00 100.00 
AH-07 7 4.37 6.55 3.04 4.56 100.00 100.00 
AH-06 17 10.40 15.60 8.89 13.34 96.50 96.24 
AH-06 19 4.35 6.52 3.24 4.86 97.95 98.11 
AH-06 21 3.89 5.84 2.99 4.48 100.00 100.00 

Notes 
* For AH-06 and AH-07, depths relative to ground surface at AH-07 
All soils are light gray-brown in color 
All samples collected on 4/23/2010 
With very aggressive disaggregation, all soils would be 100% <2mm  
LOD Loss on Drying 
Oven Oven dried at 90 °C 
Air Air dried 
<2mm Size fraction less than 2 mm 
GMC Gravimetric moisture content 
VMC Volumetric moisture content assuming bulk density of 1.5 g/cc 
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Microwave Digestion (Concentrated nitric acid) of oven-dried soils, 0.5 g in 50 mL 

* For AH-06 and AH-07, depths relative to ground surface at AH-07 

Boring Depth* 
(ft) 

Uranium 
(μg/L) 

Uranium 
(μg/g) 

Selenium 
(μg/L) 

Selenium 
(μg/g) 

AH-05 1 10 1 8.5 0.85 
AH-05 2 10 1 25 2.5 
AH-05 3 10 1 9.2 0.92 
AH-05 4 10 1 9.7 0.97 
AH-05 5 10 1 9.3 0.93 
AH-05 6 16 1.6 10 1 
AH-07 1 10 1 9.3 0.93 
AH-07 3 10 1 8.5 0.85 
AH-07 5 10 1 9.2 0.92 
AH-07 7 10 1 9.2 0.92 
AH-06 17 10 1 9.6 0.96 
AH-06 19 10 1 9.6 0.96 
AH-06 21 16 1.6 9.9 0.99 
Means  10.92 1.09 10.54 1.05 
      
Duplicates     
AH-05-06D 6 16 1.6 10 1 
AH-06-05D 5 10 1 10 1 
AH-07-07D 7 10 1 9.6 0.96 
Bold values are detection limits. 
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Deionized Water (DI) Extraction of Air-dried Soils, 2 g. in 200 mL 
* For AH-06 and AH-07, depths relative to ground surface at AH-07 

D = duplicate analysis 
Boring Depth* 

(ft) 
Uranium 

(μg/L) 
Uranium 

(μg/g) 
Calcium 
(mg/L) 

Calcium 
(μg/g) 

Sodium 
(mg/L) 

Sodium
(μg/g) 

Potassium
(mg/L) 

Potassium
(μg/g) 

Chloride
(mg/L) 

Chloride
(μg/g) 

Nitrate
(mg/L) 

Nitrate 
(μg/g) 

Sulfate 
(mg/L) 

Sulfate
(μg/g) 

Selenium
(μg/L) 

Selenium
(μg/g) 

AH-05 1 0.6 0.06 10.2 1020 1.3 130 2.9 290 1 100 1.3 130 19.1 1910 0.32 0.032 
AH-05 2 0.4 0.04 41.5 4150 16.4 1640 1.35 135 8.1 810 21.6 2160 185.7 18,570 15 1.5 
AH-05 3 0.4 0.04 42.8 4280 11.6 1160 0.72 72 1.5 150 3.4 340 169.8 16,980 1.6 0.16 
AH-05 4 0.4 0.04 32.1 3210 11.8 1180 0.74 74 1.6 160 3.4 340 117.7 11,770 1.8 0.18 
AH-05 5 0.4 0.04 76 7600 12.6 1260 0.71 71 1.7 170 3.6 360 258.7 25,870 1.9 0.19 
AH-05 6 0.4 0.04 82.8 8280 13.4 1340 0.68 68 1.8 180 3.9 390 290.9 29,090 2.2 0.22 
AH-07 1 0.6 0.06 14.5 1450 0.36 36 0.71 71 0.5 50 0.5 50 2.7 270 0.35 0.035 
AH-07 3 0.4 0.04 25.2 2520 0.69 69 0.88 88 0.5 50 1.5 150 67.3 6730 0.22 0.022 
AH-07 5 0.4 0.04 26.9 2690 1.9 190 0.75 75 0.5 50 1.8 180 78 7800 0.23 0.023 
AH-07 7 0.4 0.04 37.8 3780 2.45 245 0.8 80 0.5 50 2.3 230 126 12,600 0.23 0.023 
AH-06 17 0.4 0.04 19.5 1950 0.49 49 1.23 123 0.5 50 0.7 70 44.9 4490 0.35 0.035 
AH-06 19 0.4 0.04 19.9 1990 0.51 51 0.79 79 0.5 50 0.5 50 45.7 4570 0.23 0.023 
AH-06 21 0.4 0.04 13.4 1340 0.67 67 0.66 66 0.5 50 0.5 50 27.7 2770 0.32 0.032 
Means  0.43 0.04 34.05 3404.62 5.71 570.54 0.99 99.38 1.48 147.69 3.46 346.15 110.32 11,032.31 1.90 0.19 
Means AH06,07 0.43 0.04 22.46 2245.71 1.01 101.00 0.83 83.14 0.50 50.00 1.11 111.43 56.04 5604.29 0.28 0.03 
                  
Duplicates                 
AH-05-06D  0.4 0.04 98.5 9850 13.6 1360 0.81 81 2.1 210 4.2 420 402.1 40,210 2.4 0.24 
AH-06-05D  0.4 0.04 14.2 1420 0.59 59 0.66 66 0.5 50 0.5 50 30.8 3080 0.3 0.03 
AH-07-07D  0.4 0.04 36.8 3680 2.5 250 0.85 85 0.5 50 2.3 230 121.4 12140 0.26 0.026 
Bold values are detection limits. 
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